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(S) Process for the preparation of polyolefin. 

@ An olefin polymer is prepared by polymerizing at least one olefin in the presence of a catalyst 
comprising 

[A] a metal locene compound of a transition metal of Group IVB of the periodic table, and 

[B] an organoaluminum oxy-compound ; 

wherein the oipanoaluminum oxy-compound [B] is added to the polymerization system in the form 
of a slurry of said organoaluminum oxy-compound [B] in an aliphatic hydrocarbon or alicydic 
hydrocart)on, and the polymerization is carried out in the presence of an aliphatic hydrocaiix)n diluent 
or an alicydic hydrocart>on diluent 
Alternatively an olefin pdymer is prepared by 

(i) polymerizing at least olefin in a liquid phase in the presence of the above-mentk)ned catalyst ; and 

(ii) feeding a polymer solutk>n containing the resulting olefin polymer from a polymerization zone to a 
separatbn zone kept at a temperature of not tower than the upper doud point of the polymer solution to 
separate tiie polymer sdutton into a lower phase portk>n containing ttie olefin polymer In a high 
concentration and an upper phase portion, recovering the olefin polymer firom the lower phase portnn 
in the separation zone and recyding at least part of the upper phase portion to the polymerization zone. 
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FIELD OF THE INVENTION 

The present invention relates to a process for the preparation of polyolef in by a liquid phase polymerization. 
More particularly, the invention relates to a process for the preparation of polyolefin in which a drying step of 
5 the resulting polymer can be simplified and polyolefin having no odor of a diluent (solvent) for polymerization 
can be easily prepared. The invention also relates to a process for the preparation of polyolefin in which poly- 
olefin having excellent physical properties such as high transparency and a small change of heat-sealing 
strength with time can be efficiently prepared through simplified steps. 

iO BACKGROUND OF THE INVENTION 

Low-crystalline ethylene copolymers such as ethylene-a-olefin copolymers have been heretofore used 
widely as modifiers for thermoplastic resins such as polyethylene, polypropylene and an ethylene/vinyl acetate 
copolymer. 

IS Polyolefins including these ethylene copolymers have been conventionally prepared by a solution poly- 

merization process or the like using a titanium type catalyst formed from a titanium compound and an orga- 
noaluminum compound or using a vanadium type catalyst formed from a vanadium compound and an orga- 
noaluminum compound. 

Recently, a novel Zlegler type catalyst for olefin polymerization formed from a transition metal compound 
20 such as zlrconocene and an organoaluminum oxy-compound has been proposed as the catalystfor olefin poly- 
merization, and it is known that this Ziegler type catalyst is able to polymerize or copolymerize olefin with high 
activities and to prepare olefin copolymers which are excellent In oompositk)n distritHJtion (i.e., olefin copoly- 
mers having narrow composition distribution). 

The organoaluminum oxy-compound mentioned as above is generally prepared by bringing an organoa- 
25 luminum compound such as trialkylaluminum into contact with hydrate of metal salt in a hydrocart>on solvent. 
In this case, aromatto hydrocarbon which well dissolves the resulting organoaluminum oxy-compound, espe- 
cially toluene, is used as the hydrocarbon solvent If the organoaluminum compound Is brought Into contact 
with the hydrate of metal salt in an aliphatic hydrocartmn solvent such as hexane, the resulting organoaluminum 
oxy-compound is difficultly separated from the metal salt because the organoaluminum oxy-compound is hard- 
30 iy dissolved in the aliphatic hydrocarbon solvent 

Accordingly, the organoaluminum oxy-compound has been conventionally prepared in the form of a sol- 
ution containing said organoaluminum oxy-compound in aromatic hydrocart>on such as toluene, that is, in the 
form of a toluene solution of the organoaluminum oxy-compound. and the solution has been added to the poly- 
merization system. 

35 By the way, when polyolefin is prepared by polymerizing or co polymerizing olefin in a liquid phase in ac- 

cordance with a solution polymerization process, the resulting polymer (i.e., polyolefin) is obtained in the form 
of a polymer solution wherein polyolefin is dissolved in a solvent, and therefore it is necessary to separate the 
polyolefin from the solution to obtain the polyolefin. 

If toluene is used as a solvent for polymerization as described above, there is involved such a problem 

40 that the drying step of the above-mentioned polymer solution under heating or at a reduced pressure to dry 
the resulting polymer can be hardly simplified because toluene has a high boiling point Further, there is other 
problem that toluene has an offensive odor and the odor of toluene tends to remain in the resulting polymer. 

It can be thought that benzene is used instead of toluene, but the use of benzene is unfavorable in view 
of industrial hygiene. 

45 Accordingly, there has been eagerly desired the advent of such a process for preparing polyolefin that 

when polyolefin is prepared by solution polymerization or the like in the presence of a hydrocarbon solvent 
the drying step of the resulting polymer can be sfanplified, and that polyolefin having no odor of the solvent 
for polymerization can be easfly prepared. 

For efficiently separating and recovering the resulting polyolefin from the aforesaid polymer solution, Jap- 

50 anese Patent Lald-Open Publication No. 56(1983)-7402 discloses a polymerization process which Is charac- 
terized in that the polymer solution Is fed to a separation zone to separate the polymer solution into a lower 
phase portion containing the resulting copolymer in a high concentration and an upper phase portion containing 
the resulting copolymer in a low concentration, then the copolymer is recovered from the tower phase portk>n. 
and at least a part of the upper phase portion is recycled to the polymerization reaction. Further, Japanese 

55 Patent Laid-Open Publksation No. 59(1984)-206416 discloses a process for preparing polybutene-1 , which is 
characterized In that the polymer solution is fed to a separation zone kept at a temperature of not lower than 
the upper doud point of the polymer solution to separate the polymer solution into a lower phase portion and 
an upper phase portion, then the resulting polybutene-1 is recovered from the lower phase portion in the sep- 
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aration zone, and at least a part of the upper phase portion is recycled to a polymerization zone. 

In each of the processes for preparing polyoief In described in the above publications, a highly active cat- 
alyst composed of a solid titanium catalyst component and an organoaluminum compound is used as a catalyst, 
and according to those processes, separation of the resulting polymer from the polymer solutbn can be effi- 
ciently carried out, and moreover polyoief in such as a low-crystalline ethylene copolymer can be efficiently 
prepared. 

Though the polyolefin obtained using the above-mentioned highly active catalyst is excellent in physical 
properties, there has been further desired the advent of such a process as capable of preparing polyolefin 
(e.g., low-crystalline ethylene copolymer) showing much more improved physical properties, for example, high- 
er transparency and smaller change of heat-sealing strength with time. 

In the light of the prior art as mentioned above, the present Inventors have earnestly studied on the process 
for preparing polyolefin by polymerizing or copolymerizing olefin in a liquid phase, and as a result, they have 
found that the drying step can be simplified and polyolefin having no odor of a solvent for polymerization can 
be easily obtained by feeding a specific catalyst for olefin polymerization to the polymerization system in a spe- 
cific manner and polymerizing or copolymerizing olefin in the presence of the specific catalyst 

The present inventors have also found that polyolefin which is excellent in various physical properties can 
be efficiently prepared through simplified steps by a process comprising polymerizing or copolymerizing olefin 
in a liquid phase In the presence of the above-mentioned specific catalyst for olefin polymerization to prepare 
a polymer solution, then separating the polymer solution into a lower phase portion and an upper phase portion 
in a separation zone kept at a temperature of not lower than the upper cloud point of the polymer solution, and 
recovering the resulting polyolefin from the lower phase portion while recycling at least a part of the upper 
phase portion to a polymerization zone. Thus, the present Invention has been accomplished. 

OBJECT OF THE INVENTION 

It is an object of the present invention to provide a process for the preparation of polyolefin comprising 
polymerizing or copolymerizing olefin in a liquid phase, in which a drying step can be simplified and polyolefin 
having no odor of a diluent for polymerization can be easily prepared. 

It is another object of the present invention to provide a process for the preparation of polyolefin in which 
polyolefin having excellent physical properties such as high transparency and a small change of heat-sealing 
strength with time can be efficientiy prepared through simplified steps and moreover the resulting polyolefin 
is free from odor of a diluent for polymerization. 

SUMMARY OF THE INVENTION 

Afirst process for the preparation of polyolefin according to the present invention is a process comprising 
polymerizing or copolymerizing olefin in the presence of a catalyst for olefin polymerization comprising 

[A] a metallocene compound of a transition metal selected from Group IVB of the periodic table, and 

[B] an organoaluminum oxy-compound; 

wherein the organoaluminum oxy-compound [B] is added to the polymerization system in the form of a slurry 
of said organoaluminum oxy-compound [B] in aliphatic hydrocarbon or alicydtc hydrocart>on, and the polymer- 
ization is carried out in the presence of an aliphatic hydrocart>on dOuent or an alicydlc hydrocarbon diluent. 

A second process for the preparation of polyolefin according to the present Invention is a process com- 
prising: 

(i) polymerizing or copolymerizirrg olefin in a liquid phase in the presence of a catalyst for olefin polymer- 
ization comprising 

[A] a metallocene compound of a transition metal selected firom Group IVB of the periodic table, and 

[B] an organoaluminum oxy-compound; 
and 

(ii) feeding the resulting polymer solution containing the resulting polyolefin from a polymerization zone to 
a separation zone kept at a temperature of not lower than the upper doud point of the polymer solution to 
separate the polymer solution into a lower phase portion containing the polyolefin in a high concentration 
and an upper phase portion, so as to recover the polyolefin from the lower phase portton in the separation 
zone and to recyde at least a part of the upper phase portion to the polymerization zone. 

In the second process for the preparation of polyolefin according to the invention, aliphatic hydrocart>on 
or alicydic hydrocartx>n is preferably used as a diluent for polymerization, and the organoaluminum oxy-conv 
pound [B] is added to the polymerization zone preferably in the form of a slurry of said organoaluminum oxy- 
compound [B] in aliphatic hydrocart)on or alicydic hydrocarbon. 
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In each of the first and second processes for the preparation of poiyolef in according to the invention, the 
organoaluminum oxy-compound [B] preferably has a specific surface area of more than 10 m^/g. 

The catalyst for olefin polymerization may be formed from the metallocene compound [A], the organoalu- 
minum oxy-compound [B] and an organoaluminum compound [C]. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates steps for preparing a catalyst for olefin polymerization employable In the present invention. 
Fig. 2 shows a phase separation device. 
10 Fig. 3 shows a phase diagram drawn based on the measured doud points. 

Fig. 4 is a flow chart illustrating the process for the preparation of poiyolef in according to the present in- 
vention. 

DETAILED DESCRIPTION OF THE INVENTION 

15 

The process for the preparation of poiyolef in according to the present invention is descrit>ed hereinafter 
in detail. 

in the first process for the preparation of poiyolef in according to the invention, when poiyolef in is prepared 
by polymerizing or copolymerizing olefin in the presence of a catalyst for olefin polymerization comprising 
20 [A] a metallocene compound of a transition metal selected from Group IVB of the periodic table, and 

[B] an organoaluminum oxy-compound; 
the organoaluminum oxy-compound [B] is added to the polymerization system in the form of a slurry of said 
organoaluminum oxy-compound [B] in aliphatic hydrocarbon or alicydic hydrocart>on, and the polymerization 
is carried out in the presence of an aliphatic hydrocarbon diluent or an alicydic hydrocart>on diluent 
25 In the second process for the preparation of poiyolef in according to the invention, 

(i) olefin is polymerized or oopolymerized in a liquid phase in the presence of a catalyst for olefin polymer- 
ization comprising [A] a metallocene compound of a transition metal selected from Group IVB of the periodic 
table and [B] an organoaluminum oxy-compound; and 

(li) a polymer solution containing the resulting poiyolef in is fed from a polymerization zone to a separation 
30 zone kept at a temperature of not lower than the upper cloud point of the polymer solution to separate the 

polymer solution into a lower phase portion containing the poiyolef in in a high concentration and an upper 
phase portion, so as to recover the poiyolef in from the lower phase portion in the separation zone and to 
rocyde at least a part of the upper phase portion to the polymerization zone. 
At first, a catalyst for olefin polymerization employable in the invention is described t>elow. 
35 Fig. 1 illustrates steps for preparing a catalyst for olefin polymerization employable in the first process for 

the preparation of poiyolef in according to the invention. 

The catalyst for olefin polymerization employable in the invention comprises: 

[A] a metallocene compound of a transition metal selected from Group IVB of the periodic table, and 

[B] an organoaluminum oxy-compound. 

40 The metallocene compound [A] is a compound concretely represented by the formula 

MLx 

wherein M is a transition metal selected from the group consisting of Zr. Ti, Hf, V, Nb, Ta and Cr, L is a llgand 
coordinating to the transition metal, at least one of L is a ligand having a cydopentadienyl siceleton. L other 
than the ligand having a cydopentadienyl skeleton is a hydrocart>on group of 1-12 cart)on atoms, an alkoxy 
45 group, an aryloxy group, trialkylsilyl group. SO3R (wherein R is a hydrocart>on group of 1 to 8 carbon atoms 
which may have a sut>stituent such as halogen), halogen atom or hydrogen atom, and x is a valence of the 
transition metal. 

The ligands having a cydopentadienyl skeleton indude. for example, cydopentadienyl, aikyt-substituted 
cydopentadienyl groups such as methylcyclopentadlenyt, dimethylcydopentadienyt, trimethytcydopentadie- 
50 nyl, tetramethylcydopentadlenyl, pentamethylcydopentadienyl, ethylcydopentadienyl, methylethylcyclopen- 
tadienyl, propylcydopentadienyl, methylpropylcydopentadienyl, butylcydopentadienyl, methylbutylcydopen- 
tadienyl, and hexylcydopentadienyl, and an indenyt group, 4,5,6, 7-tetrahydroindenyl group and a fluorenyl 
group. These groups may be substituted by a halogen atom or trialkylsilyl group. 

Of these ligands coordinating to the transition metal, the alkyl-substituted cydopentadienyl groups are 
55 most preferred. 

When the compound represented by the above formula contains two or more ligands having a cydopen- 
tadienyl skeleton, two ligands having a cydopentadienyl skeleton may t>e bonded together via an alkylene 
group such as ethylene and propylene, a substituted alkylene group such as isopropylidene and diphenyl- 
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methylene, a silyfene group or a.substituted sBylene group such as dimethylsilytene, diphenylsilylene and me- 
thylphenylsilytene. 

Following Itgands may be exemplified as the ligand other than those having a cydopentadienyl skeleton. 
The hydrocarbon group having 1-12 cart>on atoms includes, for example, alkyi, cydoalkyl, aryt and aralkyi; 
5 the atkyi group Includes methyl, ethyl, propyl, isopropyl and butyl; 

the cydoalkyl group indudes, for example, cyclopentyl and cydohexyt; 
the aryl group includes, for example, phenyl and totyl; and 
the aralkyi group includes, for example, benzyl and neophyl. 
The alkoxy group indudes, for example, methoxy, ethoxy and butoxy; 
10 the arytoxy group indudes, for example, phenoxy; and 

the hologen indudes, for example, fluorine, chlorine, bromine and iodine. 
The ligand represented by SO3R includes, for example, p-toluenesulfonate, methanesutfonate and trifluor- 
omethanesulfonate. 

When the transition metal has a valence of 4. the metallocene compound [A-3] containing ligands having 
IS a cydopentadienyl skeleton may be represented more concretely by the formula 

wherein M is an above mentioned transitton metal, Is a group (ligand) having a cydopentadienyl skeleton, 
R3, R« and R^are each a group having a cydopentadienyl skeleton, an alkyi group, cydoalkyl group, aryl group, 
aralkyi group, alkoxy group, aryloxy group, trialkylsiiyi group, SO3R group, halogen atom or hydrogen atom, k 

20 is an integer of at least 1 , and k+l+m+n = 4. 

In the transition metal compounds of the above-mentioned formula R2,tR3|R*mR®nM. at least two of R2, R3. 
R4 and R^ preferablly have a cydopentadienyl skeleton, that is, R^ and R3 are each a group having a cydo- 
pentadienyl skeleton. These groups having a cydopentadienyl skeleton may be bonded to each other via an 
alkylene group such as ethylene and propylene, a substituted aikytene group such as isopropylidene, diphe- 

25 nylmethylene, a silylene group or a substituted silylene group such as dimethylsilylene, diphenylsilylene and 
methylphenylsilylene. Also, and R^ may be each a group having a cydopentadienyl skeleton, an alkyI group, 
cydoalkyl group, aryl group, aralkyi group, alkoxy group, arytoxy group, trialkylsiiyi group, SO3R, halogen atom 
or hydrogen atom. 

Listed below are typical representatives of the transition metal compounds in which M is zirconium. 
30 Bis(indenyl)zirconium dichloride, 

Bis(indenyl)zirconium dibromide. 

Bis(indenyl)zarconium bis(p-toluenesulfonate), 

Bis(4,5,6,7-tetrahydroindenyl)ziroonium dichloride, 

Bis(f luorenyl)zircon ium dichloride, 
35 Ethylenebis(indenyl)zlrconfum dichloride, 

Ethylenebis(indenyl)zirconium dibromide, 

Et hytenebis(indenyl)dlmet hyl zirconium, 

Ethylenebls(lndenyl)diphenyl zirconium, 

Ethylenebis(indenyl)methyl zirconium monochloride, 
40 Ethylenebis(indenyl)zircontum bis(mehtanesulfonate), 

Et hylenebis(indenyl)zlrconium bis(p-toluenesu}fonate), 

Ethylenebis(lndenyl)zirconium bis(trifluoromethanesulf6nate). 

Ethyfenebis(4.5,6,7-tetrahydroindenyl)zirconium dichloride. 

lsopropylidene(cyclopentadienyt-fluorenyl)zirconium dichloride, 
45 lsopropylidene(cydopentadieny}-methyicydopentadienyl) zirconium dichloride, 

Dimethylsilylenebis(cydopentadienyl)zirconium dichloride, 

Dimethylsilylenebis(methyicydopentadienyl)zirconium dichloride, 

Dimet hylsilylenebis(dimet hylcydopentadienyl)zirconium dichloride, 

Dimethylsilylenebis(trimethylcydopentadienyl)ziroonium dichloride. 
50 Dimet hylsilylenebis(indenyl)zirconium dichloride, 

Dimet hylsilylenebis(2-methylindeny1)zirconium dichloride, 

Dimet hylsilylenebts(2-methyl-4-isopropylindenyl)zirconium dichloride, 

Dimet hylsilylenebis(2.4.7-trimethylindenyl)zirconium dichloride. 

Dimet hylsilylenebis(indenyi)zirconium bis(trifluoromethanesulfonate), 
55 Dimet hylstlylenebis(4,5.6.7-tetrahydroindenyl)zirconium dichk>ride, 

Dlmethylsilylene(cydopentadrenyl-fluorenyl)ziroonium dichloride, 

Diphenylsilylenebis(indenyl)zircontum dichloride, 

Diphenytsilylenebis(2-methyl-4-isopropylidenyl)zirconium dichloride. 
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Diphenylsilylenebis(2,4,7-trimethylindenyl)zirconium dichloride. 
Methyl phenylsilylenebis(indenyl)zirconium dichloride, 
Bis(cyctopentadienyl)zirconlum dichloride, 
Bis(cyclopentadienyl)zirconium dlbromide, 
Bis(cyGlo pentad ienyl)methyl zirconium monochloride, 
Bis(cyclo pentad ienyl)ethyt zirconium monochloride, 
Bis(cyc}opentadienyl)cydohexyl zirconium monochloride, 
Bis(cyclopentadienyl) phenyl zirconium monochloride, 
Bis(cyclopentadienyl)benzyl zirconium monochloride, 
Bi8(cyclopentadlenyl)zirconlum monochloride monohydride, 
Bis(cyclopentadienyl)methyt zirconium monohydride, 
Bis(cyclopentadienyl)dimethyi zirconium, 
Bis(cyclopentadienyl)diphenyl zirconium, 
Bis(cyclopentadienyl)dibenzyl zirconium, 
Bis(cyclopentadienyl)zirconium methoxy chloride, 
Bls(cyclopentadienyl)zirconium ethoxy chloride, 
Bls(cyclopentadienyl)zlrconium bis(mehtanesulfonate), 
Bis(cyclopentadlenyl)zirconlum bls(p-toluenesulfonate), 
Bis(cyclopentadienyl)zlrconlum bis(trifluoromethanesulf6nate), 
Bis(methylcyclopentadienyt)zirconium dichloride, 
Bis(dimethylcyclopentadtenyl)zirconium dichloride, 
Bls(dimethylcyclopentadienyl)zirconlum ethoxy chloride, 
Bls(dimethylcyclopentadienyl)zirconium bis(trifluoromethanesuifonate), 
Bis(ethylcyclopentadienyl)zirconium dichloride, 
Bls(methylethy1cyclopentadlenyl}zirconium dichloride, 
Bis(propylcyclopentadienyl)zlrconium dichloride, 
Bis(methylpropylcyclopentadienyl)zlrconium dichloride, 
Bis(butylcyclopentadienyl)zirconium dichloride, 
Bis(methylbuty1cyclopentadienyl)zirconlum dichloride. 
Bis(methylbutylcyclopentadienyl)zirconium 
bis(mehtanesulfonate), 

Bis(trimethylcydopentadienyl)zirconlum dichloride, 
Bls(tetramet hylcydopentadlenyl)zlroonium dichloride, 
Bis(pentamethylcydopentadienyi)zlrconium dichloride, 
Bis(hexy1cydopentadienyl)zirconlum dichloride, 
Bis(trimethylsilylcyclopentadienyl)zirconium dichloride 
In the above-mentioned metallocene compound, the dl-substituted cydopentadlenyl groups include 1,2- 
and 1,3-substituted groups, and the tri-substituted cyclo pentad ienyl groups include 1,2,3- and 1,2,4- substi- 
tuted groups. Also the alkyi groups such as propyl and butyl Include n-, i-, sec- and tert- isomers. 

There may also be used transition metal compounds wherein the zirconium metal in the above-exemplified 
zirconium compounds Is replaced with titanium, hafnium, vanadium, niobium, tantalum or chromium. 
These compounds may be used alone or In combination of two or more. 

Further, those compounds may be used after diluted in hydrocart>on or halogenated hydrocarbon. 

In the invention, a zirconocene compound having zirconium as its central metal atom and having a ligand 
containing at least two cydopentadienyl skeletons is preferably used as the metallocene compound [A-3]. 

Such metallocene compound as mentioned above can be supported on a carrier by bringing it into contact 
with a particulate carrier compound. 

Examples of the carrier compounds employable in the invention indude Inorganic carrier compounds such 
as SiOa, AI2O3, B2O3, MgO, Zr02, CaO, T1O2. 2nO, Sn02, BaO and ThO; and resins such as polyethylene, poly- 
propylene, poly-1-butene, poly-4-methyl-1-pentene and a styrene/divinylbenzene oopotymer. 

These carrier compounds may be used In combination of two or more kinds. 

Next, the organoaluminum oxy-compound [B] used in the invention is described below. 

The organoaluminum oxy-compound {B] used in the invention may be a known aluminoxane [B-1], or may 
be a benzene-insoluble organoaluminum oxy-compound [B-2]. 

The known aluminoxane [B-1] is concretely represented by the following formula (1) or (2). 
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R2AI H OAl -hn — OAIR2 

I 



R (1) 



m*2 

R (2) 



In the formula (1) or (2), R is a hydrocarbon group, and m is an integer of not less than 2, preferably an 
IS integer of 5 to 40. Examples of the hydrocarbon group indicated by R include methyl group, ethyl group, propyl 
group and butyl group. Of these, preferred are methyl group and ethyl group, and particularly preferred Is me- 
thyl group 

This aluminoxane may be formed from a mixture of alkyloxyaluminum unit represented by the formula 
OAI(Ri) and alkyloxyaluminum unit represented by the formula OA!(R2). In the formulas OAI(Ri) and OAI(R2), 
20 each of R^ and R2 is a hydrocarbon group, and examples of the hydrocarbon group are the same as those 
mentioned with respect to the above R, but R^ and R2 are different from each other. 

The known aluminoxane [B-1] is prepared, for example, by any of the following processes, and the resulting 
aluminoxane is generally obtained in the form of a solution of said aluminoxane in aromatic hydrocarbon. 

(1) a process comprising adding an organoaluminum compound such as trlalkylaluminum to an aromatic 
25 hydrocarbon suspension of a compound containing adsorbed water, or a salt containing water of crystal- 

lizatton such as magnesium chloride hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sul- 
fate hydrate or cerous chloride hydrate, to react them with each other, and obtaining aluminoxane in the 
form of a solution of sard aluminoxane in aromatic hydrocarbon; and 

(2) a process comprising acting water, ice or steam directly on an organoaluminum compound such as tri- 
30 alkylaluminum in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran, and obtaining alu- 
minoxane in the form of a solution of said aluminoxane in the medium. 

Of these processes, the process (1) Is preferably used. 

Concrete examples of the organoaluminum compounds employable for preparing the solution of alumi- 
noxane include: 

35 trialkylaluminums such as trimethylaluminum, triethylaluminum, tripropylaluminum. triisopropylalumi- 

num. tri-n-butylaluminum, triisobutylaluminum, tri-sec-butylalumlnum, tri-tert-butylaluminum, tripentylalumi- 
num, trihexylaluminum, trioctylaluminum, tridecylaluminum. tricydohexylaluminum and tricydooctylaluminum; 

diall^alumlnum halides such as dimethylaluminum chloride, diethylaluminum chloride, diethylalumi- 
num bromide and diisobutylaluminum chloride; 
40 dialkylaluminum hydrides such as diethylaluminum hydride and diisobutylaluminum hydride; 

diall^aluminum alkoxides such as dimethylaluminum methoxide and diethylaluminum ethoxide; and 
dialkylaluminum aryloxides such as diethylaluminum phenoxide. 
Of these, trialkylaluminums are particularly preferred. 

Also employable as the organoaluminum compound is isoprenyl aluminum represented by the following for- 
45 mula pii]: 

(i-C4H9)xAly(C5H,o)2 m 
wherein each of x, y and z is a positive integer, and z ^ 2x. 

The above-exemplified organoaluminum compounds may be used singly or in combination. 
The benzene-insoluble organoaluminum oxy-compound [B-2] employable in the invention can be obtained, 
50 for example, by bringing a solutton of aluminoxane into contact with water or an active hydrogen-containing 
compound or by bringing the above-mentioned organoaluminum compound into contact with water. 

When the benzene-insoluble organoaluminum oxy-compound employable in the inventton is analyzed by 
infrared spectrophotometry (IR). a ratio (Di26(/Di22o) o1 an absorbance (D1260) at about 1260 cnr^ to an absor- 
bance (D1220) at about 1220 cmr^ is preferably not more than 0.09, more preferably not more than 0.08. par- 
55 ticularly preferably in the range of 0.04 to 0.07. 

The benzene-insduble organoaluminum oxy-compound [B-2] as mentioned above is presumed to have 
an alkyloxyaluminum unit (i) represented by the following formula PV]: 
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wherein is a hydrocarbon group of 1 to 12 carbon atoms. 

Concrete examples of the hydrocarbon group indicated by include methyl group, ethyl group, n-propyl 
group, isopropyl group, n-butyi group, isobutyl group, pentyi group, hexyl group, octyl group, decyl group, cy- 
10 dohexyl group and cyclooctyi group. Of these, preferred are methyl group and ethyl group, and particularly 
preferred is methyl group. 

In addition to the alkyloxyaluminum unit (i) represented by the above formula OV], the benzene- insoluble 
organoalumlnum oxy-oompound [B-2] may contain an oxyaluminum unit (ii) represented by the following for- 
mula [V]: 



20 



I 

Al - O 



[V] 



wherein R^ is a hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group of 1 to 12 carbon atoms, an aryloxy 
group of 6 to 20 carbon atoms, a hydroxyl group, halogen or hydrogen. 

The group indicated by R^ in the at>ove formula [V] is different from the group indicated by R^ in the afore- 
25 said formula [IV]. 

In the case where the organoalumlnum oxy-compound contains the oxyaluminum unit (ii), it is desirable 
that the organoalumlnum oxy-compound contains the alkyloxyaluminum unit (i) in an amount of not less than 
30 % by mol, preferably not less than 50 % by mol, more preferably not less than 70 % by mol. 

The organoalumlnum oxy-compound [B] as mentioned above is generally availed conrumercially or handled 
30 as its toluene solution. 

The organoalumlnum oxy-compound [B] used in the Invention may contain an organic compound compo- 
nent of other metals than aluminum in a small amount 

Further, the organoalumlnum oxy>compound [B] may be used by supporting it on the above-mentioned 
carrier compound. 

35 In the first process for the preparation of potyolef in according to the invention, the organoalumlnum oxy- 

compound [B] is added to the polymerization system in the form of a slurry of said organoalumlnum oxy-com- 
pound [B] In aliphatic or alicydic hydrocarbon (b). 

The aliphatic or alicydic hydrocarbon (b) preferably has a boiling point of not higher than 100 **C, more 
preferably not higher than 90 °C, most preferably not higher than 75 ^'C. 

40 Concrete examples of the aliphatic or alicydic hydrocart>on (b) include 2,2-dimethyipropane, 2-methylbu- 

tane, 2,2-dimethyibutane, 2, 3-dlmethyl butane, 2,2,3-trimethylbutane, n-pentane, 2'methylpentane, 3-methy}- 
pentane, 2,2-dimethylpentane, 3,3-dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane, n-hexane, 
2-methylhexane, 3-methylhexane, n-heptane, octane, decane, cyclohexane, methylcyclopentane and dime- 
thylcyclopentane They may be used in combination. 

45 The slurry of the organoalumlnum oxy-compound [B] is appropriately prepared by dispersing the organoa- 

lumlnum oxy-compound [B] in the aliphatic or alicydic hydrocart>on (b), and is concretely prepared by any of 
the folfowing processes. 

(1) a process comprising distilling off toluene from a toluene sdution of the organoalumlnum oxy-conv 
pound [B], then mechanically pulverizing the resulting powdery organoalumlnum oxy-compound [B], and 

50 suspending thus pulverized compound in the aliphatic or alicydic hydrocarbon (b); 

(2) a process comprising distilling off toluene from a toluene sdution of the organoalumlnum oxy-com- 
pound {B], then adding the aliphatic or alicydic hydrocarbon (b) to the resulting powdery organoalumlnum 
oxy-oompound [B], and mechanically pulverizing the resulting mixture; and 

(3) a process comprising bringing a toluene solution of the organoalumlnum oxy-compound [B] Into contact 
55 with the aliphatic or alicydto hydrocart>on (b) to sediment the organoalumlnum oxy-compound [B], and then 

conducting diluent exchange. 

The toluene solution of the organoaluminum oxy-compound [B] used for those processes has a concen- 
tration of generally 0.1 to 10 g atom/l. preferably 0.5 to 7 g atom/l, more preferably 0.5 to 5 g-atom/l, in terms 
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of aluminum atom. 

In the contact between the toluene solution of the organoaluminum oxy>compound [B] and the aliphatic 
or alicyclic hydrocarbon (b), the aliphatic or alicyclic hydrocarbon (b) is used in a ratio by volume thereof to 
the toluene solution of the organoaluminum oxy-compound [B] within the range of 0.3 to 10, preferably 0.5 to 
5. 

In the at)ove processes, a toluene solution of the organoalumlnurn oxy-compound [B] is used as illustrated 
above, but a benzene solution of the organoaluminum oxy-compound [B] may be used instead of the toluene 
solution of the organoaluminum oxy-compound [B]. 

In the present invention, the organoaluminum oxy-compound [B] of solid form contained in the slurry pre- 
pared as above preferably has a specific surface area of not less than 10 m^/g, more preferably not less than 
100m2/g. 

By adding the organoaluminum oxy-compound [B] to the polymerization system in the form of a slurry of 
said organoaluminum oxy-compound [B] in the aliphatic or alicyclic hydrocarbon (b) as described above, olefin 
can be polymerized or copolymerlzed with high polymerization activities. 

The specific surfece area of the solid organoaluminum oxy-compound [B] can be measured in the invention 
using MONOSORB-MS-12 (available from GUANTACHROME) in accordance with a known BET method. In 
the measurement of the specific surface area, an oiganoaiuminum oxy-compound [B] having been dried under 
a reduced pressure and recovered in a nitrogen atmosphere is desirably employed. 

The catalyst for olefin polymerization employable in the invention is formed from the metal locene conv 
pound [A] and the organoaluminum compound [B] as described above, but in addition thereto, the catalyst may 
contain if necessary an organoaluminum compound [C]. As the organoaluminum compound [C], there can be 
mentioned, for example, an organoaluminum compound represented by the fdlowing formula [VI]. 

R«nAIX3-„ I VI] 

wherein R» is hydrocartK)n of 1-12 carbon atoms. X is halogen or hydrogen, and n is 1-3. 

In the above-mentioned formula , R^ is hydrocarbon group of 1-12 carbon atoms, such as. alkyi, cydoalkyi 
or aryl, including concretely methyl, ethyl, n-propyl. isopropyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl, cy- 
dohexyt, phenyl, tolyl, etc. 

The organoaluminum compounds include, in concrete, such compounds as mentioned below. 

Trialkylaluminum such as trimethylaluminum. triethylaluminum, triisopropylaluminum, triisobutylaluminum, 
trioctylaluminum. tri-2-ethylhexylaluminum, eto; 

alkenylalumlnum such as Isoprenylaluminum, eto; 

dialkylaluminum halides such as dimethylaluminum chloride, diethylaluminum chloride, dlisopropyl alu- 
minum chloride, diisobutylaluminum chloride, dimethylaluminum bromide, etc; 

alkylaluminum sesquihalides such as methyialulminum sesquichloride, ethylaluminum sesquichloride, 
isopropylaluminum sesquichloride, butytaluminum sesquichloride, ethylaluminum sesquibromide, etc; 

alkylaluminum dihalides such as methylaluminumdichloride, ethylaluminum dichloride, isopropylalumi- 
num dtehloride. ethylaluminum dibromide, etc, and 

alkylaluminum hydride such as diethylaluminum hydride and diisobutylaluminum hydride. 
As the organoaluminum compounds [B-1], there may also be used a compound represented by the fol- 
lowing formula: 

R^oAIYs-n [Vin 

wherein R* is as defined above, Y is -OR^, -OSiR^g, -OAlR^^z. -NR«2. -SiR^a, or -N(R9)AIR'»2 n is 1-2 and R^, R*^, 
R^* and R** are each methyl, ethyl, isopropyl, isobutyl, cyclohexyl, phenyl, etc; 

R« is hydrogen, methyl, ethyl, isopropyl, phenyl, trimethylsilyl, etc; and R'and Ro are each methyl, ethyl, eto. 
The organoaluminum compounds [B-1] include, in concrete, such compounds as menttoned below. 

(i) Compounds of the formula Ra,^(OR^)3.n such as dimethylaluminum methoxide, diethylaluminum eth- 
oxide, diisobutytatumtnum methoxide, eto; 

(ii) Compounds of the formula Ra„AI(OSiRS)3- n such as Et2AI(OSiMe3). (iso-Bu)2AI(OSiMe3), (iso-Bu)2AI- 
(OSiEt3),etc; 

(iii) Compounds of the formula Ra„A!(OAIR<*2)3-n such as Et2AIOAIEt2, (iso-Bu)2A10Al{iso-Bu)2. etc; 

(iv) Compounds of the formula R''nAI(NR«2)3.n such as MozAINEts. EtsAINHMe, MoaAINHEt; 
Et2AIN(Me3Si)2. (iso-Bu)2AIN(Me3Si)2, etc; 

(v) Compounds of the formula R«(/U(SiR^3)3. „ such as (lso-Bu)2AISiMe3, etc; and 

(vi) Compounds of the formula R*,^[N(R8)-AIRh2]3.„ such as Et2AIN(Me)-AIEt2, (iso.Bu)2AIN(Et)AI(iso- 
Bu)2. eto. 

In this invention, trialkylaluminum is preferable in the organoaluminum compounds [C] mentioned at>ove; 
triisobutylaluminum is particularly preferable. These organoaluminum compounds [C] may be also used in com- 
bination of two or more. 
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The catalyst for olefin polymerization employable in the invention Is formed from the catalyst components 
[A] and [B] and if necessary the catalyst component [C]. By the use of such a catalyst as mentioned above, 
olefin can be polymerized or copolymerized with high polymerization activities, and polyotef in which is excellent 
in composition distribution of each components can be obtained. 
5 In the polymerization, the metallocene compound [A] is used in an amount, in terms of transition metal 

atom, of generally about 0.00005 to 0.1 mmol, preferably about 0.0001 to 0.05 mmol, based on 1 liter of the 
polymerizatton volume. The organoaluminum oxy-compound [B] is used in such an amount that the aluminum 
atom contained in the organoaluminum oxy-compound [B] would be generally in the range of about 1 to 10,000 
mol, preferably 10 to 5,000 mol. based on 1 mol of the transition metal atom contained in the metallocene com- 
10 pound [A]. In the case of adding the organoaluminum compound [C], the organoaluminum compound [C] is 
used generally in an amount of about 0 to 200 mol, preferably about 0 to 100 mot, based on 1 mol of the alu- 
minum atom contained in the organoaluminum oxy-compound [B]. 

In the present invention, olefin is polymerized or copolymerized in the presence of the above-mentioned 
catalyst for olefin polymerization. The olefin Includes a-olef in having 2 to 20 carbon atoms and if necessary 
15 non-conjugated diene. 

Concrete examples of the a-olef Ins having 2 to 20 carbon atoms employable in the invention Include ethy- 
lene, propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, l-octene, 1-decene and 1-dodecene. 

Concrete examples of the non-conjugated dienes employable In the invention include cyclic dienes such 
as 5-ethylidene-2-norbornene. 5-propylidene-5-norbornene, dicydopentadiene and 5-vinyl-2-norbornene; 
20 and chain no-conjugated dienes such as 1 ,4-hexadiene, 4-methyl-1 ,4-hexadiene, 5-methyl-1 ,4-hexadiene, 5- 
methyl-1.5-heptadiene, 6-methyl-1,5-heptadiene, 6-methyl-1,7-octadiene and 7-methyl-1,6-octadiene. 

In the first process for the preparation of polyolef in according to the Invention, aliphatic hydrocarbon or 
alicycllc hydrocarbon Is used as a diluent for polymerization. 

The aliphatic hydrocarbon or the alicyclic hydrocarbon used In the invention preferably is an aliphatic hy- 
25 drocarbon having a boiling point of not higher than 100 **C or an alicyclic hydrocarbon having a boiling point 
of not higher than 100 ''C, and is particularly preferably the same as the aliphatic or alicyclic hydrocarbon (b) 
which is used for preparing a slurry of the organoaluminum oxy-compound [B] mentioned before in detail. The 
aliphatic hydrocarbon or the alicyclic hydrocarbon may be used in combination of two or more kinds. Of these 
hydrocarbons, preferably used are hexane, methylpentane and methylcydopentane. 
30 The aliphatic or alicydic hydrocarbon (b) easily evaporates, and therefore if this hydrocart>on is used as 

asolventforpolymerizatbn. a drying step of the resulting polymer can be simplified and any odor of the solvent 
does not remain in the polymer finally obtained. 

When olefin is polynnerized in a liquid phase in the present invention, the polymerization temperature is 
generally in the range of -20 to 200 "C. preferably 0 to 150 ^'C, more preferably 20 to 120 '^C, and the polymer- 
35 ization pressure is generally in the range of an atmospheric pressure to 1 00 kg/cm2. preferably an atmospheric 
pressure to 50 kg/cm^, more preferably an atmospheric pressure to 30 kg/cnr^^. 

A molecular weight of the resulting polyolef in may be regulated by varying the polymerization conditions 
such as a polymerization temperature, or may be regulated by controlling the amount of hydrogen (molecular 
weight regulator) used. 

40 The above-mentioned polymerization is carried out in a liquid phase, that is, the polymerizatton Is carried 

out by a liquid phase polymerization such as a solution polymerization or a suspension polymerization. In the 
invention, the solution polymerization is preferred. 

Further, the polymerization can be carried out either batchwise, semi-continuously or continuously, but it 
is preferred to carry out the polymerizatton continuously. Furthermore, the polymerization may be carried out 
45 in two or more steps having reaction conditions different from each other. 

In the f irat process for the preparation of polyolef in according to the invention, it is preferred that the poly- 
mer obtained immediately after the above-mentioned polymerization can be separated and recovered from the 
polymer solution by a conventional method. In the solution polymerization, it is preferred to use a method of 
directiy evaporating the solvent from the polymer solution to dry the polymer or a method of phase-separating 
so the polymer solution and then evaporating the solvent from the concentrated phase to dry the polymer. 

The polyolefin obtained by the first process of the invention preferably is a homopolymer of a-olef in, an 
a-olef in copolymer or a copolymer of a-olef in and non-conjugated diene. 

The polyolefin obtained by the invention preferably is a copolymer of ethylene and a-olef in and if neces- 
sary non-conjugated diene, and the polyolefin particularly preferably Is a low-crystalline polyolefin containing 
55 constituent units derived from ethylene in an amount of 30 to 95 % by mol, preferably 45 to 93 % by mol, con- 
stituent units derived from a-def In in an amount of 5 to 70 % by mol. preferably 7 to 60 % by mol, and constihient 
units derived from non-conjugated diene in an amount of 0 to 10 % by nrtol. 

Such a polyolefin as described above generally has an intrinsic viscosity, as measured in decahydronaph- 
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thalene (decaline) at 135 ''C, of generally 0.5 to 20 dl/g. preferably 0.7 to 10 dl/g, more preferably 1.0 to 5.0 
dl/g. 

According to the first process for the preparation of polyolef in, aliphatic hydrocarbon or alicyclic hydrocar- 
bon is used as a diluent for polymerization, so that the drying step can t>e simplified and polyolef in having no 
5 odor of a diluent (solvent) for polymerization can be easily obtained. 

The polyolef in (copolymer) obtained by the invention using the aforesaid catalyst for olefin polymerization 
is excellent in the composition distribution of each components. 

Next, the second process for the preparation of polyolef in according to the present Invention Is described 
below. 

10 In the second process for the preparation of polyolef in, 

(i) olefin is polymerized or oopolymerized in a liquid phase in the presence of a catalyst for olefin polymer- 
ization comprising 

[A] a metallocene compound of a transition metal selected firom Group IVB of the periodic table, and 

[B] an organoaluminum oxy-compound; 
IS and 

(ii) a polymer solution containing the resulting polyolef in is fed from a polymerization zone to a separation 
zone kept at a temperature of not lower than the upper cloud point of the polymer solution to separate the 
polymer solution into a lower phase portion containing the polyolef in in a high concentration and an upper 
phase portion, so as to recover the polyolef in from the lower phase portion in the separation zone and to 

20 recycle at least a part of the upper phase portion to the polymerization zone. 

The catalyst for olefin polymerization used in the second process for the preparation of polyolef in is the 
same catalyst for olefin polymerization as used in the first process for the preparation of polyolef in. 

Also in this second process for the preparation of polyolef in, the organoaluminum oxy-compound [B] is 
added to the polymerization zone in the form of a slurry of said organoaluminum oxy-compound [B] in the ali- 
25 phatic or alicydic hydrocarbon (b), similarly to the first process for the preparation of polyolef in. 

As the olefin to be polymerized in this second process, the same olefin as described before can be enrv 
ployed. 

In the second process for the preparation of polyolef in. the polymerization of clef in is carried out In a liquid 
phase as described above. As a diluent fbr polymerization, inert hydrocarbon or a reactive monomer itself is 
30 used, and preferably aliphatic hydrocart>on or alicydic hydrocarbon is used. This aliphatic hydrocarbon or ali- 
cydic hydrocarbon preferably has a boiling point of not higher than 100 "^C, and particularly preferably is the 
same as the aforesaid aliphatic or alicydic hydrocarbon (b). The aliphatic hydrocarbon or the alicydic hydro- 
carbon may be used in combination of two or more kinds. Among the hydrocarbons, particularly preferred are 
hexane, methylpentane and methylcydopentane. 
35 The aliphatic or alicydic hydrocarbon (b) easily evaporates, and therefore if this hydrocarbon is used as 

a diluent for polymerization, a drying step of the resulting polymer can be simplified and any odor of the diluent 
does not remain in the pdymer finally obtained. 

The polymerization is preferably carried out under compulsively stirring by means of a stirrer or the like. 
In the second process for the preparatton of polyolefin according to the invention, the polymerization is 
40 preferably carried out under such conditions that the resulting polymer is dissolved in the diluent (solvent) for 
polymerization to form a substantially homogeneous phase, that is. the polymerization is preferably carried 
out at a tenriperature between the upper doud point and the lower doud point of the polymer solution. However, 
the polymerization may be carried out in a state where the both phases of the polymer solution separated under 
the two-phase separation conditions at a temperature not lower than the upper doud point are dispersed and 
45 mbced with each other by stirring. 

Concretely, the polymerization is carried out at the same temperature and the same pressure as those in 
the first process for the preparation of polyolefin. 

Further, the polymerization is desirably carried out maintaining a polymer concentration in the polymer 
solution of generally 30 to 200 g/l, preferably 50 to 150 g/1. When the polymerization is carried out in such a 
50 concentration as mentioned above, the polymerization reaction proceeds snrioothly and polyolefin can be ef- 
f icientiy obtained. 

A molecular weight of the resulting polyolefin may be regulated by varying the polymerization conditions 
such as a polymerization temperature, or may be regulated by controlling the amount of hydrogen (molecular 
weight regulator) used. 

55 The at>ove-mentioned polymerization is carried out in a liquid phase, that is, the polymerizatton Is carried 

out by a liquid phase polymerization such as a solution polymerization or a suspension polymerization. In the 
invention, the solution polymerization is preferred. 

Further, the polymerization can be carried out either batchwise, semi-continuously or continuously. t>ut it 



11 



EP 0 552 d45 A2 



is preferred to carry out the polymerization continuously. Furthermore, the polymerization may be carried out 
in two or more steps having reaction conditions different from each other. 

In the second process for the preparation of polyolefin, the polymerization is earned out using the afore- 
mentioned catalyst for olefin polymerization, and the yield of copolymer is high for the amount of the catalyst. 
5 Therefore, the resulting polymer solution can be fed to the separation zone without subjecting it to a catalyst- 
lemoving treatment 

According to the second process for the preparation of polyolefin, the polymer solution obtained by the 
above-mentioned polymerization is fed from the polymerization zone to the separation zone which is kept at 
a temperature of not lower than the upper doud point, and in the separation zone the polymer solution is sepa- 

10 rated Into a lower phase portion containing polyolefin in a high concentration (also referred to as "concentrated 
phase" hereinafter) and an upper phase portion containing polyolefin in a low concentration (also referred to 
as "dilute phase" hereinafter). 

When the temperature of the polymer solution in the separation zone is lower than the phase separation 
temperature, it is preferred to heat the polymer solution to a temperature of not lower than the phase separation 

IS temperature using a heat exchanger such as a multi-tube type heat exchanger or a double-tut>e type heat ex- 
changer and then feed the polymer solution to the separation zone. 

The upper doud point of the polymer solution can be easily determined by measuring the transmitted light 
of the polymer solution and taking a temperature at which the intensity of the transmitted light is abruptiy de- 
dined as the upper doud point 

20 Conditions of the two-phase separation are depending on the temperature, natures of the monomer used 

and the resulting polymer (molecular weight, molecular weight distribution, composition, composition distribu- 
tion, eta), anrKHint (concentratton), kind of the solvent, pressure for the phase separation, and other conditions. 

The resulting polymer solution is a homogeneous liquid phase when held at a temperature between the 
lower doud point and the upper doud point, but is separated into a concentrated phase and a dilute phase 

25 when held at a temperature of not lower than the upper cloud point In general, there is a tendency that the 
temperature of the polymer solution, which is not lower than the upper doud point, becomes higher, the co- 
polymer concentration in the concentrated phase becomes higher, and in contrast thereto the copolymer con- 
centration in the dilute phase becomes lower. Further, as a difference in the concentration between those two 
phases becomes larger, the phase separation is made rrK>re eff icientiy, and hence a post-treatment of the sepa- 

30 rated each phases can be easily carried out 

The temperature of the separation zone for separating the polymer solutton is not lower than the upper 
doud point of the potynrar solutk>n as described ak)ove. However, if the temperature of the separation zone is 
too high, not only the heat energy is largely consumed to give a disadvantage, but also polymers will be pro- 
duced under different conditions from those in the polymerization zone thereby to affect the quality of polyo- 

35 lef in finally obtained. Accordingly, the temperature of the separation zone is usually in the range of from the 
upper doud point of the polymer solution to a temperature higher than the upper doud point by at>out 1 80 ^'C, 
preferably in the range of from a temperature higher than the upper doud point by about 10 °C to a temperature 
higher than the upper doud point by about 150 ^C. 

For lowering the the phase separation temperature, low-nfK)lecular weight hydrocarbon such as ethylene 

40 may be newly added to the separation zone. 

The phase separation of the polymer solution is not necessarily conducted completely, and for example, 
a part of the dilute phase may be mixed with the concentrated phase. 

The phase separation of the polymer solution can be easily carried out by means of gravity sedimentation, 
for example, by allowing the polymer solution to stand, or may be carried out by means of centrifugal separation. 

45 The phase separatton utilizing the gravity sedimentation is conducted for usually 5 to 120 minutes, prefer- 

ably 5 to 40 minutes, and the time required for the separation can be shortened by setting the separation tem- 
perature higher. 

The phase separation utilizing the centrifugal separation is generally conducted using a cydone for liqukj 
which is kept under the phase separation conditions, and by this centrifugal separation the dilute phase and 

so the concentrated phase can be smoothly and stably recovered. 

Thus, the polymer solution is phase-separated. The concentrated phase separated in the separation zone 
is then fed to a drying stage, wherein the concentrated phase is heated, flash-dried or sucked under a reduced 
pressure by means of a multi-tube type heat exchanger, a hopper or a rotary type solvent-removing device 
such as a thin film evaporator to remove the solvent and the unreacted monomer, whereby polyolefin is re- 

55 covered. The concentrated phase contains the resulting polymer in a high concentration, and therefore the 
drying step can be simplified and the drying time can be shortened. Especially when the aliphatic or alicydk: 
hydrocart)on (b) having a t>oiling point of not higher than 100 °C is used as a solvent for polymerization, the 
drying time can be shortened and the drying step can be simplified as compared with the case of using a sol- 
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vent for polymerization having a high boiling point such as toluene, and further polyolef in free from odor of the 
solvent for polymerization can be easily obtained, similarly to the first process for the preparation of polyolef in. 

On the other hand, the dilute phase separated in the separation zone is partially or wholly recycled to the 
polymerization system. It is desirable that the dilute phase in an amount of usually not smaller than 10 %, pre- 
5 ferably not smaller than 50 %, more preferably not smaller than 70 %, is recycled to the polymerization system 
for the repeated use. 

By recycling the dilute phase to the polymerization system as described above, not only the diluent (sol- 
vent) for polymerization can be repeatedly used, but also the copolymer, the unreacted monomer and the cat- 
alyst component such as the organoaluminum oxy-compound [B], all contained in the dilute phase, can be re- 
10 peatedly used. 

In the second process for the preparation of polyolef in according to the invention, the polymer solution is 
fed to the separation zone without subjecting it to a catalyst-removing treatment or the like as described above, 
and hence the dilute phase can be recycled directly to the polymerization zone for the repeated use even if 
this phase is not subjected to a purifying treatment or the like. 

IS Further, a part of or all of the dilute phase which is not recycled to the polymerization zone is mixed with 

the polymer solution drawn from the polymerizer, if necessary heated, and then the resulting mixture was re- 
cycled to the separation zone. Otherwise, if necessary, the solvent and the unreacted monomer are recovered 
firom the dOute phase, the resulting low-molecular weight polymer is removed therefrom, and the solvent and 
unreacted monomer thus recovered are repeatedly used for the polymerization reaction. By recycling thus re- 

20 covered dilute phase to the separation zone, heat energy can be efficiently utilized. Moreover, the dilute phase 
to be recycled is so dilute that choking of tubes in the device used hardly takes place. 

The temperature and the anwunt of the dilute phase to be recycled to the separatton zone can be easily 
determined based on the phase separation temperature, the temperature of the polymer solutk>n, the dis- 
charged amount, etc. 

25 The polyolef in obtained as above by the second process of the invention preferably is a homopolymer of 

a-olefin, an a-olefin copolymer or a copolymer of a-olefin and non-conjugated diene. 

The polyolef in obtained by the invention preferably is a copolymer of ethylene and a-olefin and if neces- 
sary non-conjugated diene, and the polyolef in particularly preferably is a low-crystalline polyolef in containing 
constituent units derived from ethylene in an amount of 30 to 95 % by mol, preferably 45 to 93 % by mol. con- 
30 stituent units derived from a-olef In in an amount of 5 to 70 % by mol, preferably 7 to 60 % by mol, and constituent 
units derived from non-conjugated diene in an amount of 0 to 10 % by mol. 

Such a polyolef in as described above generally has an intrinsic viscosity, as measured in decahydronaph- 
thalene at 135 *^C, of 0.5 to 20 dl/g, preferably 0.7 to 1 0 dl/g, more preferably 1 .0 to 5.0 dl/g. 

According to the above-mentioned second process of the invention, polyolef in having excellent physical 
35 properties such as high transparency and a small change of heat-sealing strength with time can be efficiently 
prepared through simplified steps. 

Further, the polyolefin obtained by the second process of the invention is narrower in the composition 
distribution as compared with polyolefin obtained by a conventional process in which a known titanium type 
catalyst is used and a solvent for polymerization is recycled. Furthermore, the polyolefin obtained by the sec- 
40 ond process is excellent in transparency and has a small changis of heat-seating properties with time. 

EFFECT OF THE INVENTION 

According to the process of the inventton for preparing polyolefin, a drying step of the polyolefin obtained 
45 by liquid phase polymerization can be simplified and polyolefin having no odor of a dileunt (solvent) for poly- 
merization can be easily prepared. 

The polyolefin obtained by the process of the invention is excellent in the composition distribution of each 
components. 

Further, according to the process of the invention, polyolefin having excellent physical properties such as 
50 high transparency and a small change of heat-sealing strength with time can be efficiently prepared through 
simplified steps. 

The polyolefin obtained by the process of the invention is narrower in the composition distribution as com- 
pared with polyolefin obtained by a conventional process In which a known titanium type catalyst Is used and 
a solvent for polynterization is recycled, and has excellent properties such as high transparency and a small 
55 change of heat-sealing properties with time. 
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EXAMPLE 

The present invention is further illustrated below with reference to examples, but it should be construed 
that the present invention Is in no way linnited to those examples. 
5 In the following examples, a mixture diluent (solvent) consisting of 60 % by volume of hexane, 22 % by 

volume of methylcydopentane and 18 % by volume of 3-methylpentane is referred to as "hexane". 

The intrinsic viscosity [t^] was measured in decahydronaphthalene at 135 "^C and the polymer composition 
was measured by means of ^^C-NMR in the following examples. 

10 Example 1 

Preparation of a methyl aluminoxane- hexane slurry (1)] 

In a glass reactor equipped with a stirring blade was charged in a nitrogen atmosphere 1 liter of a toluene 
IS solution containing methylaluminoxane in an amount of 1 .5 g atom/liter in terms of aluminum atom, and to the 
toluene solution was dropwise added 1 liter of hexane having been substihited by nitrogen over 1 hour at room 
temperature under stirring. The resulting solid methylaluminoxane was filtered, washed with hexane, and dried 
under a reduced pressure. A part of the dried product was taken out for analysis, and the residue was sus- 
pended in hexane to prepare a hexane slurry of methylaluminoxane (1). 
20 The methylaluminoxane obtained In the above had a specific surface area of 180 rn^g. 

[Batchwise copolymerization of ethylene and propylene under pressure] 

Ethylene was copolymerized with propylene in a 2-titer autoclave (polymerizer) equipped with a stirring 
25 blade. 

That is, from the top of the polymerizer (polymerization vessel), 0.9 liter of hexane having been dehydrated 
and purified, 0.1 liter of propylene, 0.09 ml of the hexane slurry of methylaluminoxane (1) (methylaluminoxane: 
1.1 mg atom/ml in terms of aluminum atom) obtained as above and 0.9 ml of a hexane solution of triisobuty- 
laluminum (1 mmol/ml) were charged in the polymerizer. After a temperature of the reaction system was ele- 

30 vated to 70 ^'C, ethylene was introduced into the polymerizer so that the total pressure was 7 kg/cm^. In the 
polymerizer was further charged 0.29 ml of hexane solution of bls(1,3-dlmethylcyclopentadienyl)zirconium di- 
chloride (0.0034 mmole/ml) using a pressure-equalizing tube, to carry out a reaction for 1 hour while keeping 
the temperature at 80 and the total pressure at 8 kg/cm^. After release of the pressure, a polymer solution 
was taken out of the polymerizer and dried. 

35 The yield of the copolymer thus obtained was 56.7 g. This copolymer had an ethylene content of 86 % by 

nK>l and an Intrinsic viscosity [t|] of 1 .8 dl/g. 

Example 2 

40 preparation of a methylalumlnoxane-hexane slurry (2)] 

In a glass reactor equipped with a stirring blade was charged in a nitrogen atmosphere 1 liter of a toluene 
solution containing methylaluminoxane in an amount of 1 .5 g atorr^iter in ternns of aluminum atom, and then 
toluene was distilled off from the toluene solution. Thereafter, a part of the resulting product was taken out for 
45 analysis, and to the residue was added hexane to prepare a hexane slurry of methylaluminoxane (2). 

The methylaluminoxane particles obtained in the above had a specific surface area of 25 vr^fg. 

[Batchwise copolymerization of ethylene and propylene under pressure] 

50 The procedure for the copolymerization of ethylene and propylene in Example 1 was repeated except for 

using the hexane slurry of methylaluminoxane (2) obtained as atx>ve to prepare a copolymer. 

The yield of the copolymer thus obtained was 18.2 g. This copolymer had an ethylene content of 84 % by 
mo\ and an intrinsic viscosity [n] of 1 .7 dl/g. 

55 
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Example 3 

[Continuous copoiymerization of ethylene and propylene under pressure] 

5 Ethylene was continuously copolymerized with propylene in a 1 5-llter stainless steel polynnerizer equipped 

with a stirring blade. 

That is, from the top of the polymerizer, to the polymerizer were continuously fed hexane having been de- 
hydrated and purified at a feed rate of 3.5 l/hr, a hexane solution of bis(1 ,3-dimet hylcycio pentad ienyl)zirconium 
dichloride (0.03 mmol/l) at a feed rate of 0.25 l/hr. a hexane solution of triisobutylaluminum (8 mmol/l) at a feed 

10 rate of 0.5 l/hr and the hexane slurry of methylaluminoxane (1) (methylalumrnoxane: 1.33 mg atom/1 in terms 
of aluminum atom) at a feed rate of 0.75 l/hr. 

Further, from the top of the polymerizer, to the polymerizer were continuously fed ethylene at a feed rate 
of 360 t/hr and propylene at a feed rate of 340 l/hr. The polymerization pressure was 7.9 kg/cm^, and the res> 
idence time was about 1 hour. 

15 Subsequently, a polymer solution was drawn out from the bottom of the polymerizer, and to the polymer 

solution was added a small amount of methanol to terminate the polymerization reaction. The polymer solution 
was subjected to a steam stripping treatment to separate the resulting copolymer from the solvent. Then, the 
copolymer was dried for 2 hours under the conditions of a temperature of 80 °C and a reduced pressure (100 
mmHg). 

20 The copolymer thus obtained had no odor of the solvent. 

Through the above operation, an ethylene/propylene copolymer was obtained at a rate of 420 g/hr. This 
copolymer had an ethylene content of 80 % by mo\ and an intrinsic viscosity [ti] of 2.3 dl/g. 

Comparative Example 1 

25 

The procedure for the copoiymerization in Example 1 was repeated except for using a toluene solution of 
methylaluminoxane instead of the hexane slurry of methylaluminoxane (1). to prepare a copolymer. The co- 
polymer thus obtained had odor of toluene even after dried for 24 hours under the conditions of a temperature 
of 80 ^'C and a reduced pressure (1 00 mmHg), and it was confirmed that the drying of the copolymer was in- 
30 sufficient 

Example 4 

The procedures of Example 3 were repeated except for using bls(1,3-dimethylcyclo pentad ienyl)zirconium 
35 bistrif luoromethanesulfonyl instead of bis(1 ,3-dimethylcyclopentadienyl)zirconium dichloride and continuously 
feeding to the polymerizer ethylene at a feed rate of 320 1/hr and propylene at a feed rate of 390 i/hr so that 
the gas phase portion in the polymerizer had a hydrogen concentration of 0.07 % by mol. 

Through the above operation, an ethylene/propylene copolymer was obtained at a rate of 430 g/hr. This 
copolymer had an ethylene content of 78 % by mol and an intrinsic viscosity [t)] of 1.1 dl/g. 

40 

Example 5 

[Batchwise copoiymerization of ethylene, propylene and diene under pressure] 

45 Ethylene was copolymerized with propylene and 7-methyl-1,6-octadiene in a 2-iiter autoclave (polymer- 

izer) equipped with a stirring blade. 

That is, from the top of the polymerizer, 0.86 liter of hexane having been dehydrated and purified, 185 ml 
of propylene, 40 ml of 7-methyl-1,6-octadiene. 0.18 ml of the hexane slurry of methylaluminoxane (1) (methy- 
laluminoxane: 1.1 nng atonn/ml in terms of aluminum atom) obtained in Example 1 and 0.8 ml of a hexane sol- 

50 ution of triisobutylaluminum (1 mmol/ml) were charged in the polymerizer. After a temperature of the reaction 
system was elevated to 70 °C, ethylene was Introduced into the polymerizer so that the total pressure was 7 
kg/crn^. In the polymerizer was further charged 0.44 ml of a hexane solution of bis(1 ,3-dimet hylcydopentadie- 
nyi)zlrconium dichloride (0.0034 mmole/ml) using a pressure-equalizing tube, to carry out a reaction for 1 hour 
while keeping the temperature at 60 ""C and the total pressure at 8 kg/cnn^. After release of the pressure, a 

55 polymer solution was taken out of the polymerizer and dried. 

The yield of the copolymer thus obtained was 72.8 g. This copolymer had an ethylene content of 78 % by 
mol, an intrinsic viscosity of 2.6 dl/g and an iodine value of 13. 
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Example 6 

[Copolymerization of ethylene and 1-butene] 

5 Ethylene was copolymerized with 1-butene In a 2-liter autoclave (polymerizer) equipped with a stirring 

blade. 

That is. from the top of the polymerizer, 0.7 liter of hexane having been dehydrated and purified. 300 ml 
of 1-butene, 0.09 ml of the hexane slurry of methylaluminoxane (1) (methylaluminoxane: 1.1 mg atom/ml in 
ternr^ of aluminum atom) obtained in Example 1 and 0.9 ml of a hexane solution of triisobutylaluminum (1 

10 mmol/ml) were charged In the polymerizer. After a temperature of the reaction system was elevated to 70 ^'C, 
ethylene was introduced into the polymerizer so that the total pressure was 7 kg/cm^. In the polymerizer was 
further charged 0.29 ml of a hexane solution of bis(1 ,3-dimethylcyclopentadlenyl)zirconium dichloride (0.0034 
mmole/ml) using a pressure-equedlzing tube, to carry out a reaction for 1 hour while keeping the temperature 
at 90 ''C and the total pressure at 8 kg/cm^. After release of the pressure, a polymer solution was taken out of 

15 the polymerizer and dried. 

The yield of the copolymer thus obtained was 54.1 g. This copolymer had an ethylene content of 91 % by 
mol and an intrinsic viscosity lr\] of 3.5 dl/g. 

Example 7 

20 

[Batchwise copolymerization of ethylene and propylene under pressure] 

Ethylene was copolymerized with propylene in a 2-liter autoclave (polymerizer) equipped with a stirring 
blade. 

25 That is, from the top of the polymerizer. 0.8 liter of hexane having been dehydrated and purified and 0.9 

ml of the hexane slurry of methylaluminoxane (1) (methylaluminoxane: 1.1 mg atom/ml in terms of aluminum 
atom) were charged in the polymerizer. After a temperature of the reaction system was elevated to 80 °C, pro- 
pylene was introduced into the polymerizer so that the total pressure was 14.5 kg/cm^, and then ethylene was 
further introduced into the polymerizer so that the total pressure was 15 kg/cm^. In the polymerizer was then 

30 charged 3.4 ml of a hexane solution of bis(methylcydopentadlenyl)zirconium dichloride (0.0029 mmote/ml) us- 
ing a pressure-equalizing tube, to carry out a reaction for 1 hour while keeping the temperature at 80 ""C and 
the total pressure at 15 kg/cm^. After release of the pressure, a polymer solution was taken out of the poly- 
merizer and dried. 

The yield of the copolymer thus obtained was 29.1 g. This copolymer had an ethylene content of 55 % by 
35 mol and an intrinsic viscosity [n] of 0.1 8 dl/g. 

Example 8 

[Batchwise copolymerization of propylene and 1-butene under pressure] 

40 

Propylene was copolymerized with 1-butene In a 2-liter autoclave (polymerizer) equipped with a stirring 
blade. 

That is. from the top of the polymerizer. 0.67 liter of hexane having been dehydrated and purified. 220 ml 
of 1-butene, 0.36 ml of the hexane slurry of methylaluminoxane (1) (methylaluminoxane: 1.1 mg atom/hil in 

45 terms of aluminum atom) and 1 nrd of a hexane solution of triisobutylaluminum (1 mg atom/ml in ternns of alu- 
minum atom) were charged in the polymerizer. After a temperature of the reaction system was elevated to 70 
**C. propylene was introduced into the polymerizer so that the total pressure was 14 kg/cm^. In the polymerizer 
was further charged 2 ml of a hexane solution of dimethylsilylene bls(2-methylindenyl)zirconium dichloride 
(0.0008 mmole/ml) using a pressure-equalizing tube, to carry out a reaction for 1 hour while keeping the tenv 

50 perature at 70 °C and the total pressure at 14 kg/cm^. After release of the pressure, a polymer solution was 
taken out of the polymerizer. then hexane was removed from the polymer solution, and the polymer solution 
was dried. 

The yield of the copolymerthus obtained was 81 .1 g. This copolymer had a propylene content of 76 % by 
mol and an intrinsic viscosity of 1 .3 dt/g. 
55 In the following examples, the conditions for the phase separation of the polymer solution were examined 

on an experimental scale (batchwise system) in a manner described below, prior to the continuous polymeri- 
zation test The device used for the examination of the phase separation conditions is shown in Fig. 2. 

That is. polyolefin (ethylene/propylene copolymer having an ethylene content of 81 % by mol; intrinsic vis- 
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cosity 1.2 dl/g) and hexane were charged in a container B, and a pre-determined amount of propylene was 
further charged in the container B from a container A through a tube 1 . Thereafter, a temperature of the reaction 
system was elevated to set the reaction system under the phase separation conditions, and cloud points of 
the polymer solution were measured. From the doud points thus measured, a phase diagram was drawn. The 
5 phase diagram Is shown in Fig. 3, wherein symbols O indicate doud points measured in a nitrogen atmosphere, 
and symbols □ indicate doud points measured in propyleneof 100 g/llter-solvent At temperatures not lower 
than those doud points, the phase separation of the polymer solution starts. 

The polymer solution was allowed to stand to be separated into a dilute phase and a concentrated phase 
under the phase separation conditions presumed from the phase diagram. Thereafter, the dilute phase and 
10 the concentrated phase were taken out of the device through tubes 2 and 3, if necessary, and the concentration 
of the ethylene/propylene copolymer in each phase was measured. 

Fig. 4 is a flow chart illustrating the process for the preparation of polyolef in according to the Invention. 

Example 9 

IS 

[Preparation of a methylaluminoxane-hexane slurry (3)] 

In a SUS reactor equipped with a stirring blade was charged in a nitrogen atmosphere 1 0 liters of a toluene 
solution containing methylalumlnoxane in an amount of 1 .5 g atom/liter in terms of aluminum atom, and to the 
20 toluene solution was dropwise added under stirring 1 liter of hexane having been substituted by nitrogen over 
1 hour at room temperature. The resulting solid methylalumlnoxane was filtered, and washed with hexane. A 
part of the resulting product was taken out for analysis and dried, and the residue was suspended in hexane 
to prepare a hexane slurry of methylaiuminoxane (3). ' 
The methylaiuminoxane obtained in the above had a specific surface area of 185 m^/g. 

25 

[Copolymerization of ethylene and 1-butene] 

A test for the phase separation of a polymer solution was conducted using a continuous polymerization 
device shown in Fig. 4 in accordance with the aforementioned phase separation test 

30 That is, to a 300-liter continuous polymerization reactor C were continuously fed hexane having been de- 

hydrated and purified at a feed rate of 38.7 1/hr through a tube 6. a hexane solution of tributylaluminum (2.5 
mmol/l) at a feed rate of 4 l/hr through a tube 7. the hexane slurry of methylalumlnoxane (3) (methylaiuminox- 
ane: 2.04 mg atom/l in terms of aluminum atom) at a feed rate of 6.4 l/hr and a hexane solution of bis(1 ,3-di- 
methylcydopentadienyl)zirconrum dichloride (0.072 mmol/l) at a feed rate of 0.9 l/hr, the total amount of hexane 

35 fed to t he reactor being 50 l/hr. At the same time, to t he polymerizatbn reactor C were continuously fed et hylene 
at a feed rate of 4.2 kg/hr, 1-butene at a feed rate of 15 kg/hr and hydrogen at a feed rate of 0.8 l/hr through 
tubes 4 and 5, to perform copolymerization under the conditions of a polymerization temperature of 90 ''C, a 
total pressure of 8.2 kg/cm^-G and a residence time of 1.4 hours. 

A solution of ethylene/1 -butene copolymer produced in the polymerization reactor C was continuously dis- 

40 charged from the reactor through a tube 8 at a flow rate of 72 l/hr, then the temperature of the solution was 
elevated to 200 ^'C (thereby the pressure becoming to 40 kg/cm^ G), and the solution was fed to a phase sep- 
arator D. 

In the phase separator D, the solution of ethylene/1 -butene copolymer was separated into a concentrated 
phase (lower phase portton) containing most of the ethylene copolymer and a dilute phase (upper phase por- 

45 tion) containing a small amount of polymer. The concentrated phase was fed into a heat exchanger K at a rate 
of 13.1 l/hr through a tube 11 , and was further fed into a hopper E, wherein the soh^ent was removed from the 
concentrated phase by evaporation, to obtain an ethylene/1 -butene copolymer at a rate of 4.6 kg/hr. 

The ethylene/1 -butene copolymer thus obtained had an intrinsic viscosity [x\] of 1.51 dl/g and an ethylene 
content measured by means of ^^C-NMR of 90 % by mol. 

50 On the other hand, the dilute phase separated in the phase separator D was drawn out from the top of 

the phase separator D through a tut>e 10, heat-exchanged with the polymer solution feed line by means of a 
heat exchanger H. then cooled by means of a heat exchanger G, and thereafter recyded to the polymerization 
reactor C. 

The solution of ethylene/1 -butene copolymer was drawn out from the tubes 9, 1 0 and 1 1 , respectively, as 
55 a sample, and each sample was measured on the concentration of the ethylene/1 -butene copolymer in the 
solution. As a result, the concentration of the ethylene/l -butene copolymer in the solution obtained from the 
tube 9 was 70 g/liter-solvent, that from the tube 10 was 1 .2 g/liter-soh^ent, and that from the tube 11 was 511 
g/liter-solvent Accordingly, it was confirmed that the polymer solution was concentrated in the phase separator 
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D up to a polymer concentration of as much as about 7.3 times of the initial concentration. Further, it was also 
confirmed that the heat energy consumption in the heat exchangers I, J and K was reduced to about 1/3 of 
the heat energy consumption therein in the case of not using a phase separator. The copolymer concentration 
in the dilute phase was low, that is, 1.2 g/liter>solvent, and any scale deposit caused by polymer deposition or 
5 the like was not found during the cooling stage in the heat exchanger G, and a long time operation of the device 
became possible. 

Example 10 

10 [Copolymerization of ethylene and propylene] 

A test for the phase separation of a polymer solution was conducted using a continuous polymerization 
device shown in Fig. 4 in the same manner as described in Example 9. 

That is, to a 300-liter continuous polymerization reactor C were continuously fed hexane having been do- 
ts hydrated and purified at a feed rate of 37.2 l/hr through a tube 6. a hexane solution of tributylaluminum (2.5 
mmol/l) at a feed rate of 4 l/hr through a tube 7, the hexane slurry of methytaluminoxane (3) (methylalumlnox- 
ane: 2.04 mg atom/l in terms of aluminum atom) at a feed rate of 7.9 l/hr and a hexane solution of bis(1,3-di- 
methylcyclopentadienyi)zirconium dichloride (0.072 mmol/l) at a feed rate of 0.9 l/hr, the total amount of hexane 
fed to the reactor being 50 l/hr. Atthe same time, to the polymerization reactor C were continuously fed ethylene 

20 at a feed rate of 4.2 kg/hr, propylene at a feed rate of 5.3 kg/hr and hydrogen at a feed rate of 1 .2 l/hr through 
tubes 4 and 5, to perform polymerization under the conditions of a polymerization temperature of 80 '^'C, a total 
pressure of 7.4 kg/cm^-G and a residence time of 2 hours. 

A solution of ethylene/propylene copolymer produced in the polymerization reactor C was continuously dis- 
charged firom the reactor through a tube 8 at a flow rate of 57 l/hr, then the temperature of the solution was 

25 elevated to 200 "^C (thereby the pressure becoming to 50 kg/cnr^ G), and fed to a phase separator D. 

In the phase separator D, the solution of ethylene/propylene copolymer was separated Into a concentrated 
phase containing most of the ethylene copolymer and a dilute phase containing a small amount of polymer. 
The concentrated phase (lower phase portion) was fed into a heat exchanger K through a tube 11 at a rate of 
16.51/hr, and wasfurtherfed intoahopperE, wherein t he solventwas removed firom the solutton by evaporation 

30 to obtain an ethylene/propylene copolymer at a rate of 5.3 kg/hr. 

The ethylene/propylene copolymer thus obtained had an intrinsic viscosity lr\] of 1.25 dl/g and an ethylene 
content measured by means of ^^NMR of 82.6 % by mol. 

On the other hand, the dilute phase separated in the phase separator D was drawn out from the top of 
the phase separator D through a tube 10 at a flow rate of 40.5 l/hr, heat-exchanged with the polymer solution 

35 feed line by means of a heat exchanger H, then cooled by means of a heat exchanger G, and thereafter recycled 
to the polymerization reactor C. 

The solutton of ethylene/propylene copolymer was drawn out from the tubes 9. 10 and 11, respectively, 
as a sample, using a sampling container and the concentration of the ethylene/propylene copolymer in the 
each solution was measured. As a result, the concentration of the ethylene/propylene copolymer in the solution 

40 obtained from the tube 9 was 112 g/liter-solvent, that from the tube 10 was 9 g/liter-solvent and that from the 
tube 11 was 520 g/liter-solvenL Accordingly, it was confirmed that the polymer solution was concentrated in 
the phase separator D up to a polymer concentration of as much as about 4.6 times of the initial concentration. 
Further, it was also confirmed that the heat energy consumption in the heat exchangers I, J and K was reduced 
to about 1/3 of the heat energy consumption therein in the case of not using a phase separator. The copolymer 

45 concentration in the dilute phase was low, that is. 9 g/liter-solvent, and any scale deposit caused by polymer 
deposition or the like was not found during the cooling stage in the heat exchanger G, and a long time operation 
of the device became possible. 

Example 11 

so 

[Copolymerization of ethylene, propylene and diene] 

Copolymerization of ethylene, propylene and 7-methyl-1 ,6-octadtene was conducted In the similar manner 
to that described in Example 9. That is. to a polymerization reactor C were continuously fed hexane having 
55 been dehydrated and purified at a feed rate of 35.5 l/hr through a tube 6, 7-methyl-1 ,6-octadiene at a feed rate 
of 2 l/hr. a hexane solution of tributylaluminum (2.5 mmol/l) at a feed rate of 4 l/hr through a tube 7. the hexane 
slurry of methylaluminoxane (3) (methytaluminoxane: 2.04 nr^g-atom/1 In terms of aluminum atom) at a feed 
rate of 7.4 l/hr and a hexane solution of bis(1,3-dlmethylcyclopentadlenyl)zlrconium dichloride (0.072 mmol/l) 
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at a feed" rate of 1.1 l/hr, the total amount of hexane fed to the reactor being 50 l/hr. At the same time, to the 
polymerization reactor C were continuously fed ethylene at a feed rate of 4.2 kg/hr. propylene at a feed rate of 
5.8 kg/hr and hydrogen at a feed rate of 0.4 l/hr through tubes 4 and 5. respectively, to perform polymerization 
under t he conditions of a polymerization temperature of 60 °C, a total pressure of 8.1 kg/cm^-G and a residence 
5 time of 2 hours. 

A solution of ethylene/propylene/diene copolymer produced In the polymerization reactor C was dis- 
charged from the reactor through a tube 8. then the temperature of the solution was elevated, and was fed to 
a phase separator D. 

In the phase separator D, the solution of ethyfene/propylene/diene copolymer was separated into a con- 
10 centrated phase and a dilute phase. The concentrated phase containing most of the ethylene/propylene/diene 
copolymer was discharged from the phase separator D through a tube 11, and was fed by way of a heat ex- 
changer K to a hopper E, wherein the soh/ent was removed from the solution by evaporation to obtain an ethy- 
lene/propylene/7-methyl-1,6-octadiene copolymer at a rate of 4.9 kg/hr. 

The ethylene/propylene/7-methyl-1,6-octadiene copolymer thus obtained had an intrinsic viscosity [t)] of 
15 2.5 dl/g. an ethylene content of 76.8 % by nrw>l and an bdine value of 11.0. 

As a result of the above process, similarty to the case of Example 9. it was confirmed that the heat energy 
consumption in the heat exchangers I, J and K was reduced, any scale deposit caused by polymer deposition 
or the like was not found during the cooling stage in the heat exchanger G. and a long time operation of the 
device was possible. 

20 

Comparative Example 2 

[Copolymerization of ethylene and 1-butene] 

25 An example of the process for preparing an ethylene/1 -butene copolymer in which a Ziegler type catalyst 

is used in the polymerization and a procedure of phase separation is included is described as Comparison Ex- 
ample 2. 

[Preparation of catalyst] 

30 

In 50 liters of hexane having been dehydrated and purified was suspended 10 mol of commercially available 
magnesium chloride anhydride in a stream of nitrogen, and to the resulting suspension was dropwise added 
under stirring 60 mol of ethanol over 1 hour to perform a reaction for 1 hour at room temperature. Then, to the 
resulting mixture was dropwise added 28 mol of ethylalumlnum sesquichloride at room temperature, and the 
.35 mixture was stirred for 1 hour. Successively, 75 mol of titanium tetrachloride was added to the mixture, and 
then the temperature of the reaction system was elevated to 80 °C to perform a reaction for 3 hours under 
stirring of the mixture. From the reaction mixture, a solid portion was separated by means of decantation, and 
the solid portion was repeatedly washed with purified hexane to give a hexane suspension. The titanium con- 
centration in the hexane suspension was measured by means of titration. 

40 

Polymerization] 

The procedure for the copolymerization of ethylene and 1 -butene in Example 9 was repeated except for 
using the above-obtained catalyst as a catalyst That Is, to a 300-liter polymerization reactor shown in Fig. 4 

45 were continuously fed hexane at a feed rate of 93.2 t/hr through a tube 6, a hexane solution of ethylatumtnum 
sesquichloride (2.0 mnriot/l) at a feed rate of 2.9 i/hr through a tube 7 and a hexane slurry of the above titanium 
catalyst supported on a carrier (titanium catalyst 0.1 mmol/l in terms of Tl) at a feed rate of 3.9 l/hr, the total 
amount of hexane fed to the reactor being 100 l/hr. At the same time, to the polymerization reactor were con- 
tinuously fed ethylene at a feed rate of 11 kg/hr, 1 -butene at a feed rate of 10 kg/hr and hydrogen at a feed 

50 rate of 22.5 l/hr through tubes 4 and 5, to perform polymerization under the conditions of a polymerization tem- 
perature of 140 °C, a pressure of 20 kg/cm^-G and a residence time of 50 minutes. 

A solution of ethylene/1 -butene copolymer produced in the polymerization reactor C was continuously dis- 
charged from the reactor through a tube 6 at a flow rate of 1 25 l/hr, then the temperature of the solutk>n was 
elevated to 200 ^C (thereby the pressure becoming to 40 kg/cm^ G), and fed to a phase separator D. 

55 In the phase separator D. the copolymer solution thus fed was separated, and the resulting concentrated 

phase containing most of the copolymer was discharged from the phase separator D through a tube 11 at a 
rate of 36 l/hr. and was fed by way of a heat exchanger K to a hopper E, wherein the solvent was removed 
from the concentrated phase by evaporation to obtain an ethylene/1 -butene copolymer at a rate of 12 kg/hr. 
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The ethylene/1 -butene copolymer thus obtained had an intrinsic viscosity lr\] of 1 .7 dl/g and an ethylene content 
of 90%by mol. 

On the other hand, the dilute phase separated in the phase separator D was drawn out from the top of 
the phase separator D at a rate of 89 l/hr through a tube 10, heat-exchanged with the polymer solution feed 
line by means of a heat exchanger H, then cooled by means of a heat exchanger G, and thereafter recycled 
to the polymerization reactor C. 

The solution of ethylene/1-butene copolymer was drawn out from the tubes 9, 10 and 11, respectively, as 
a sample, and each sample was measured on the concentration of the ethylene/1 -butene copolynner in the 
solution, in the same manner as described in Example 9. As a result, the concentration of the ethylene/1 -butene 
copolymer in the solution obtained from the tube 9 was 113 g/llter-solvent. that from the tube 10 was 6 g/liter- 
solvent, and that from the tube 11 was 531 g/liter-solvent 

Each of the ethylene/1 -butene copolymers obtained in Example 9 and Comparative Example 2 was ex- 
truded at 200 ""C using a T-die of 30 mm and was rapidly cooled using a chill roll of 27 X, to obtain a film of 
50 iim. The results obtained by measuring physical properties of the f Om are set forth in Table 1. The film ot>- 
tained from the polymer of Example 9 was such an excellent film that changes of optical characteristics and 
heat-sealing strength with time were small. 



Table 1 
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Physical properties of ethylene/1 -butene copolymer film of 50 ^ 


Sample 


Haze% 


Glossiness % 


Heat-sealing strength (90 **C) g/15mm^ 


Sample A 


2.8 


119 


600 


Sample B 


6.9 


159 


547 


Sample C 


3.6 


115 


546 


Sample D 


12.4 


169 


46 



30 



35 



Sample A: immediately after the preparation of a film of the ethylene/1 -butene copolymer obtained in Ex- 
ample 9. 

Sample B: after the lapse of 14 days at 40 ^'C from the preparation of a film of the ethylene/1 -butene co- 
polymer obtained in Example 9. 

Sample C: immediately after the preparation of a film of the ethylene/1 -butene copolymer obtained in Com- 
parative Example 2. 

Sample D: after the lapse of 14 days at 40 ^C from the preparation of a film of the ethylene/1 -butene co- 
polymer obtained in Comparative Example 2. 



40 Claims 

1 . A process for the preparation of an olefin polymer which comprises polymerizing at least one olefin in the 
presence of a catalyst comprising 

[A] a metallocene compound of a transition metal of Group IVB of the periodic table, and 
45 [B] an organoaluminum oxy-compound; 

wherein the organoaluminum oxy-compound [B] is added to the polymerization system in the form of a 
slurry of said organoaluminum oxy-compound [B] in an aliphatic hydrocarbon or alicyclic hydrocart>on. 
and the polymerization is carried out in the presence of an aliphatic hydrocarbon diluent or an allcydlc 
hydrocart)on diluent 

50 

2. A process dain^ in dalm 1 , wherein the organoaluminum oxy-compound [B] has a specific surface area 
of not less than 10 m^g. 

3. A process according to claim 1 or 2, wherein the catalyst further comprises [C] an organoaluminum conrv 
pound. 

4. A process for the preparation of an olefin polymer which comprises: 

(i) polymerizing at least one olefin in a liquid phase in the presence of a catalyst comprising 
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[A] a metallocene compound of a transition metal of Group IVB of the periodic tatHe, and 

[B] an organoaluminum oxy-compound; 
and 

(ii) feeding a solution containing the resulting olefin polymer from a polymerization zone to a separation 
zone kept at a temperature not lower than the upper doud point of the polymer solution to separate 
the polymer solution into a lower phase portion containing the olefin polymer in a high concentration 
and an upper phase portion, recovering the olefin polymer from the lower phase portion in the sepa- 
ration zone and recycling at least a part of the upper phase portion to the polymerization zone. 

A process according to claim 4, wherein the organoaluminum oxy-compound [B] has a specific surface 
area of not less than 10 m^/g. 

A process according to claim 4 or 5, wherein the catalyst further comprises [C] an organoaluminum corrv 
pound. 

A process according to claim 4. 5 or 6, wherein an aliphatic hydrocarbon or alicyclic hydrocarbon is used 
as a solvent for polymerization. 

A process according to any one of claims 4 to 7, wherein the organoaluminum oxy-compound [B] is added 
to the polymerization zone in the form of a slurry of said organoaluminum oxy-compound [B] in an aliphatic 
hydrocarbon or alicyclic hydrocart>on. 
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@ Process for the preparation of polyolefln. 

@ An olefin polymer is prepared by polymerizing 
at least one olefin in the presence of a catalyst 
comprising 

[A] a metallocene compound of a transitton 
metal of Group IVB of the periodic table, and 

[B] an organoalumlnum oxy-compound ; 
wherein the organoalumlnum oxy-com- 

pound [B] is added to the pdymerizatton sys- 
tem in the fonn of a sluny of said 
ofganoalumlnum oxy-compound [B] in an 
aliphatic hydrocarbon or alicydic hydrocarbon, 
and the polymerization is can-ied out in the 
presence of an aliphatic hydrocart)on dOuent or 
an alicydic hydrocart^on diluent 
Altematively an olefin polymer Is prepared by 

(i) polymerizing at least olefin in a liquid 
phase in the presence of the above-menttoned 
catalyst ; and 

(ii) feeding a polymer solution containing the 
resulting olefin polymer from a polymerization 
zone to a separatk>n zone kept at a temperature 
of not tower than the upper doud point of the 
pdymer soiutton to separate the polymer sdu- 
tton into a lower phase portion containing the 
olefin polymer in a high ooncentratton and an 
upper phase portion, recovering the olefin 
polymer from the lower phase portion in the 
separatton zone and reccing at least part of 
the upper phase portion to the polymerizatk>n 
zone. 
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1. Claims 1-3,8 : Process using a catalyst comprising 

A) metallocene B) alurainoxane B) being 
added in the form of a slurry in an 
aliphatic hydrocarbon. 

2. Claims 4-7 : Process using catalyst A) + B) (without 

specification on B) ) + separation of the 
polymer after the polymerisation. 



